Abstract: Due to the increased interest in micropollutants, this paper aims at quantifying and analyzing the UK online interest in Diclofenac, Estradiol, Azithromycin, Clarithromycin, and Erythromycin, substances included in the EU watchlist for monitoring, in order to examine if the public's online behavior and the use of these substances, in terms of issued prescriptions, are correlated. Using time series data from Google Trends from January 2004 to December 2014, an analysis of these substances in the UK, and in each UK region, i.e., England, Wales, Scotland, and Northern Ireland, is at first performed, followed by an analysis of interest by substance. The results show high interest in Diclofenac with a slight decline, while the Macrolides are significantly less popular though increasing. For Estradiol, the interest is low and declining throughout the examined period, in contrast to the scientific community, where Estradiol is the most studied substance. Prescription items and Google hits are highly correlated in the UK for Diclofenac, Azithromycin, and Clarithromycin, while no correlation is observed for Estradiol. Results from this study indicated that online search traffic data can be valuable in examining the public's online behavior towards the monitored micropollutants, and could assist with the evaluation and forecasting of their concentrations in the waste, surface, and ground water in the UK.
Introduction
The EU issued its first Directive for Water Policy, Directive 2000/60/EC, in 2000, where high risk substances were defined and prioritized [1] , and Directive 2008/105/EC approved a list of 33 priority substances and their Environmental Quality Standards [2] . Following this, in Directive 2013/39/EU [3] a list of 45 priority substances was proposed, including Diclofenac, 17-Alphaethinylestradiol (EE2), and 17-Beta-Estradiol (E2) as recommended for monitoring. This was later implemented in Decision 2015/495 [4] , issued on 20 March 2015, where the EU established a list of 10 substances to be monitored for Environmental Quality Standards in the field of Water Policy. This list consists of 17 organic compounds, namely 17-Alpha-ethinylestradiol, 17-Beta-estradiol Estrone, Diclofenac, 2,6-di-tetr-butyl-4-methylphenol, 2-ethylhexyl-4-methoxycinnamate, Macrolide Antibiotics (Azithromycin, Clarithromycin, and Erythromycin), Methiocrab, Neonicotinoids (Imidacloprid, Thiacloprid, Thimamethoxam, Clothianidin, and Acetamiprid), Oxadiazon, and Clarithromycin, and Erythromycin in the UK. In order to gain access to such vast amounts of information, namely Big Data, we use data from online search queries. One of the most popular tools to access these data is Google Trends [42] , an open Google tool that shows what's trending.
Online search traffic data have been proven effective in analyzing online interest [43] , and have been highly used in research over the last few years for analyzing online behavior. Data from Google Trends are suggested to be valid [44] and significantly contributing to forecastings [45] and in measuring public interest, subject to the careful selection of the terms to be examined [46] . Google Trends has the advantage of providing us with the revealed and not the stated data, so the public's online behavior is more accurately depicted, contrary to conventional methods of measuring public interest. Thus Google Trends is becoming all the more popular in various academic fields, especially in medical/health [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] and environmental issues [63] [64] [65] [66] . Indicative examples include the detection of Tuberculosis outbreaks [48] , the 2014 Ebola outbreak [49] , flu predictions [61] and spreading [62] , biodiversity [65] , and interest in various environmental terms [63, 66] . As indicated, the analysis of public interest is valuable in subjects concerning environmental and human health, thus, as the scientific interest in micropollutants is increasing, it is interesting to examine how the online searches are related to the use of these substances.
The aim of this paper is to quantify and analyze the public's online interest in Diclofenac, Estradiol, Azithromycin, Clarithromycin, and Erythromycin in the UK, and further compare the interest to the prescription volumes, and examine if any correlations between them exist. In showing that there is indeed a correlation between online interest and issued prescriptions, it is suggested that there exists a casual relationship between the interest in these terms and the actual usage of these substances. The rest of the paper is structured as follows: Section 2 consists of the data collection procedure and the method used to evaluate the online interest, Sections 3 and 4 consists of the results and discussion of our analysis, and Section 5 consists of the overall conclusions and further research suggestions.
Data and Method
Google Trends' [42] data from January 2004 to December 2014 are used to analyze the online interest in the terms 'Diclofenac', 'Estradiol', 'Azithromycin', 'Clarithromycin', and 'Erythromycin' in the UK. Data from Google Trends are downloaded online in '*.csv' format and are normalized over the selected time-frame as follows: "each data point is divided by the total searches of the geography and time range it represents, to compare relative popularity. The resulting numbers are then scaled to a range of 0 to 100" [67] .
Let D t i , ES t i , A t i , C t i , and E t i be the weekly hits of the downloaded Google Trends' data for the terms 'Diclofenac', 'Estradiol', 'Azithromycin', 'Clarithromycin', and 'Erythromycin' of the i-th region, respectively. D t pi , ES t pi , A t pi , C t pi , and E t pi denote the percentized weekly hits of their respective normalized Google searches, using Equations (1)- (5):
t i D t i + ES t i + A t i + C t i + E t i
(1)
ES t pi = ES t i D t i + ES t i + A t i + C t i + E t i (2)
A t pi = A t i D t i + ES t i + A t i + C t i + E t i (3)
C t pi = C t i D t i + ES t i + A t i + C t i + E t i (4)

E t pi = E t i D t i + ES t i + A t i + C t i + E t i
The relative changes between the substances' Worldwide interest is examined for reference, followed by the change in online interest for each substance individually in England, Wales, Scotland, and Northern Ireland, in addition to a comparative analysis of the five substances in the UK.
Furthermore, the total prescriptions issued for all drugs consisting of the respective chemical substance per each examined term and the total cost per substance per year in England [68] , Wales [69] , Scotland [70] , and Northern Ireland [71] over the examined period are examined, which are then compared and analyzed in relation to the change in online interest. In addition, the total scientific interest based on Scopus searches for published papers with UK affiliation and in total, consisting of these substances in the 'Article Title-Abstract-Keywords' field, is examined and then compared to the Worldwide and UK online interest. Note that the selected papers include 'Articles', 'Reviews', 'Letters', 'Notes', and 'Short Surveys'.
Based on our results, we examine if the relative interest can be a predictor of the use of these substances in the UK, and any potential harm in environmental health, and how data from online search queries can be valuable towards this direction.
Results
This Section consists of the analysis of (a) Worldwide's and UK's online interest in 'Diclofenac', 'Estradiol', 'Azithromycin', 'Clarithromycin', and 'Erythromycin' from January 2004 to December 2014; (b) the regional interest in these terms for the same period in England, Wales, Scotland, and Northern Ireland; (c) each individual term's change in online interest in the UK; (d) the yearly total prescription items and total cost (£) per substance in each region; (e) the scientific interest; and (f) the correlations between them. Tables 1 and 2 consist of the percentized hits' yearly averages in these terms in the same period Worldwide and in the UK, respectively. [69], Scotland [70] , and Northern Ireland [71] over the examined period are examined, which are then compared and analyzed in relation to the change in online interest. In addition, the total scientific interest based on Scopus searches for published papers with UK affiliation and in total, consisting of these substances in the 'Article Title-Abstract-Keywords' field, is examined and then compared to the Worldwide and UK online interest. Note that the selected papers include 'Articles', 'Reviews', 'Letters', 'Notes', and 'Short Surveys'. Based on our results, we examine if the relative interest can be a predictor of the use of these substances in the UK, and any potential harm in environmental health, and how data from online search queries can be valuable towards this direction.
Worldwide and UK's Online Interest
Results
This Section consists of the analysis of (a) Worldwide's and UK's online interest in 'Diclofenac', 'Estradiol', 'Azithromycin', 'Clarithromycin', and 'Erythromycin' from January 2004 to December 2014; (b) the regional interest in these terms for the same period in England, Wales, Scotland, and Northern Ireland; (c) each individual term's change in online interest in the UK; (d) the yearly total prescription items and total cost (£) per substance in each region; (e) the scientific interest; and (f) the correlations between them. Tables 1 and 2 consist of the percentized hits' yearly averages in these terms in the same period Worldwide and in the UK, respectively. As presented in Table 1 , the yearly averages for the Worldwide interest show that the most popular amongst the examined substances is Diclofenac (36.05%), followed by Clarithromycin (20.27%), Azithromycin (19.61%), Estradiol (16.29%), and Erythromycin (7.77%) in that order.
Worldwide and UK's Online Interest
In the UK, results showed that Diclofenac, though first amongst the five substances in terms of online searches, showed a slight decline in interest in 2014 compared to 2004, the same as Estradiol, though with variations throughout the examined period. In contrast, the Macrolides of the EU watchlist Azithromycin and Clarithromycin show an increased interest over the examined period, while Erythromycin shows a slight decrease from 2004 to 2014. As presented in Table 1 , the yearly averages for the Worldwide interest show that the most popular amongst the examined substances is Diclofenac (36.05%), followed by Clarithromycin (20.27%), Azithromycin (19.61%), Estradiol (16.29%), and Erythromycin (7.77%) in that order.
In the UK, results showed that Diclofenac, though first amongst the five substances in terms of online searches, showed a slight decline in interest in 2014 compared to 2004, the same as Estradiol, though with variations throughout the examined period. In contrast, the Macrolides of the EU watchlist Azithromycin and Clarithromycin show an increased interest over the examined period, while Erythromycin shows a slight decrease from 2004 to 2014. Overall, in the UK, Diclofenac is the most searched substance out of the five, with Erythromycin, Clarithromycin, Azithromycin, and Estradiol following in that order. Interestingly enough, UK does not follow the Worldwide trend, with Erythromycin, though the second most searched term, being last in Worldwide interest. Overall, the results showed that in each of UK's regions, i.e., England, Wales, Scotland, and Northern Ireland, Diclofenac is the most searched term amongst the ones examined, followed by Erythromycin, Clarithromycin, Azithromycin, and Estradiol in that order, with Clarithromycin, Azithromycin, and Estradiol showing significantly less online interest.
Regional Online Interest
More specifically, results revealed that in England Diclofenac is the most searched substance with an overall average of 46.25%, followed by Erythromycin (26.47%), Clarithromycin (11.59%), Azithromycin (9.03%), and Estradiol (6.67%) ( Table 3 ). In Wales, Scotland, and Northern Ireland, the order of online popularity of the five substances is the same as in England, i.e., Diclofenac (37.29%, 39.66%, and 35.63%, respectively), Erythromycin (30.22%, 23.58%, and 24.44%, respectively), Clarithromycin (13.01%, 15.28%, and 16.63%, respectively), Azithromycin (11.03%, 11.29%, 12.26%, respectively), and Estradiol (8.44%, 10.19%, and 11.04%) ( Table 3) . Table 4 consists of the percentage differences of the yearly averages of the percentized hits between the years 2004 and 2014 for the terms 'Diclofenac', 'Azithromycin', 'Clarithromycin', 'Erythromycin', and 'Estradiol' in the UK, England, Wales, Scotland, Northern Ireland, and Worldwide. Overall, the results showed that in each of UK's regions, i.e., England, Wales, Scotland, and Northern Ireland, Diclofenac is the most searched term amongst the ones examined, followed by Erythromycin, Clarithromycin, Azithromycin, and Estradiol in that order, with Clarithromycin, Azithromycin, and Estradiol showing significantly less online interest.
More specifically, results revealed that in England Diclofenac is the most searched substance with an overall average of 46.25%, followed by Erythromycin (26.47%), Clarithromycin (11.59%), Azithromycin (9.03%), and Estradiol (6.67%) ( Table 3 ). In Wales, Scotland, and Northern Ireland, the order of online popularity of the five substances is the same as in England, i.e., Diclofenac (37.29%, 39.66%, and 35.63%, respectively), Erythromycin (30.22%, 23.58%, and 24.44%, respectively), Clarithromycin (13.01%, 15.28%, and 16.63%, respectively), Azithromycin (11.03%, 11.29%, 12.26%, respectively), and Estradiol (8.44%, 10.19%, and 11.04%) ( Table 3) . Table 4 consists of the percentage differences of the yearly averages of the percentized hits between the years 2004 and 2014 for the terms 'Diclofenac', 'Azithromycin', 'Clarithromycin', 'Erythromycin', and 'Estradiol' in the UK, England, Wales, Scotland, Northern Ireland, and Worldwide. In England, Diclofenac and Estradiol show significant decrease, in Wales a decrease is observed only in Diclofenac and Erythromycin, while in Scotland in Erythromycin and Estradiol. In Northern Ireland the interest in all substances apart from Azithromycin is decreasing, but minimal increase is observed in the case of Diclofenac and Erythromycin. Overall, the only substance that shows an increase in all regions, i.e., UK, England, Wales, Scotland, Northern Ireland, and Worldwide, is Clarithromycin.
Online Interest by Substance
This section consists of the individual analysis for each of the five terms' change in online interest in the UK in the selected period. In Diclofenac, as is observed in Figure 3 , the online interest has relatively small variations throughout the selected period, where the peak in interest in the selected period is in June-July 2013. In England, Diclofenac and Estradiol show significant decrease, in Wales a decrease is observed only in Diclofenac and Erythromycin, while in Scotland in Erythromycin and Estradiol. In Northern Ireland the interest in all substances apart from Azithromycin is decreasing, but minimal increase is observed in the case of Diclofenac and Erythromycin. Overall, the only substance that shows an increase in all regions, i.e., UK, England, Wales, Scotland, Northern Ireland, and Worldwide, is Clarithromycin.
This section consists of the individual analysis for each of the five terms' change in online interest in the UK in the selected period. In Diclofenac, as is observed in Figure 3 , the online interest has relatively small variations throughout the selected period, where the peak in interest in the selected period is in June-July 2013. As intake of Diclofenac was suggested to have an increased risk for cardiovascular diseases, possibly even at small doses, and following the MHRA's concern on its availability in August 2013, Diclofenac was switched from being an over-the-counter drug to presciption only on 15 January 2015 [72] . This is indicative that incidence occurrence is instantly depicted in online searches.
Estradiol's online interest has decreased since 2004 in the UK, compared to other substances, as shown in Figure 4 . As intake of Diclofenac was suggested to have an increased risk for cardiovascular diseases, possibly even at small doses, and following the MHRA's concern on its availability in August 2013, Diclofenac was switched from being an over-the-counter drug to presciption only on 15 January 2015 [72] . This is indicative that incidence occurrence is instantly depicted in online searches.
Estradiol's online interest has decreased since 2004 in the UK, compared to other substances, as shown in Figure 4 . In England, Diclofenac and Estradiol show significant decrease, in Wales a decrease is observed only in Diclofenac and Erythromycin, while in Scotland in Erythromycin and Estradiol. In Northern Ireland the interest in all substances apart from Azithromycin is decreasing, but minimal increase is observed in the case of Diclofenac and Erythromycin. Overall, the only substance that shows an increase in all regions, i.e., UK, England, Wales, Scotland, Northern Ireland, and Worldwide, is Clarithromycin.
Estradiol's online interest has decreased since 2004 in the UK, compared to other substances, as shown in Figure 4 . For the Macrolides, Azithromycin and Clarithromycin showed an increase in online interest over the last years, while the interest in Erythromycin is relatively stable, compared to the other substances. More specifically, for Azithromycin, the regional interest is the lowest in England, followed by Scotland, Wales, and Northern Ireland in that order, though a significant increase is observed in Wales, the same as in Diclofenac. For Clarithromycin, the regional interest in England and Wales shows an increase over the examined period, while in Scotland a significant decrease is observed. For Erythromycin, regionally, the only significant increase is observed in England.
Overall, we observe that Wales shows an increase in online interest in all substances apart from Diclofenac and Erythromycin, while in England, an increase is observed in Diclofenac, For the Macrolides, Azithromycin and Clarithromycin showed an increase in online interest over the last years, while the interest in Erythromycin is relatively stable, compared to the other substances. More specifically, for Azithromycin, the regional interest is the lowest in England, followed by Scotland, Wales, and Northern Ireland in that order, though a significant increase is observed in Wales, the same as in Diclofenac. For Clarithromycin, the regional interest in England and Wales shows an increase over the examined period, while in Scotland a significant decrease is observed. For Erythromycin, regionally, the only significant increase is observed in England.
Overall, we observe that Wales shows an increase in online interest in all substances apart from Diclofenac and Erythromycin, while in England, an increase is observed in Diclofenac, Clarithromycin and Erythromycin. In Scotland, the online interest in all substances apart from Diclofenac is decreasing, while in Northern Ireland the only significant change in online interest (increase) is observed in Azithromycin.
Total Prescriptions and Costs per Substance
In Figures 8-11 we present (a) the total number of prescriptions (Pxs) and (b) total cost (Nic) per substance for each of the examined years in England [68] , Wales [69] Clarithromycin and Erythromycin. In Scotland, the online interest in all substances apart from Diclofenac is decreasing, while in Northern Ireland the only significant change in online interest (increase) is observed in Azithromycin.
In Figures 8-11 we present (a) the total number of prescriptions (Pxs) and (b) total cost (Nic) per substance for each of the examined years in England [68] , Wales [69] In Wales, a high decrease in issued prescriptions in Diclofenac and a significant decrease in Estradiol and Erythromycin are observed, while a slight increase in the number of prescriptions is observed for Clarithromycin and Azithromycin; a pattern similar to that of England. As demonstrated in Figure 9b , the total cost for the substances follows that of the number of prescriptions in Diclofenac, Estradiol, and Erythromycin, while for Azithromycin and Clarithromycin, though prescription items increased, the cost slightly decreased from 2012 to 2014. In Scotland, the prescriptions in Diclofenac, though increasing from 2004 to 2012, show a sudden decrease from 2012 to 2014, while the total cost shows a significant overall decrease from 2004 to 2014. For Estradiol, both prescriptions issued and total cost show a slight decrease over the examined period, the same as for Erythromycin. For Clarithromycin and Azithromycin, the issued In Wales, a high decrease in issued prescriptions in Diclofenac and a significant decrease in Estradiol and Erythromycin are observed, while a slight increase in the number of prescriptions is observed for Clarithromycin and Azithromycin; a pattern similar to that of England. As demonstrated in Figure 9b , the total cost for the substances follows that of the number of prescriptions in Diclofenac, Estradiol, and Erythromycin, while for Azithromycin and Clarithromycin, though prescription items increased, the cost slightly decreased from 2012 to 2014. Clarithromycin and Erythromycin. In Scotland, the online interest in all substances apart from Diclofenac is decreasing, while in Northern Ireland the only significant change in online interest (increase) is observed in Azithromycin.
In Figures 8-11 we present (a) the total number of prescriptions (Pxs) and (b) total cost (Nic) per substance for each of the examined years in England [68] , Wales [69] In Wales, a high decrease in issued prescriptions in Diclofenac and a significant decrease in Estradiol and Erythromycin are observed, while a slight increase in the number of prescriptions is observed for Clarithromycin and Azithromycin; a pattern similar to that of England. As demonstrated in Figure 9b , the total cost for the substances follows that of the number of prescriptions in Diclofenac, Estradiol, and Erythromycin, while for Azithromycin and Clarithromycin, though prescription items increased, the cost slightly decreased from 2012 to 2014. In Scotland, the prescriptions in Diclofenac, though increasing from 2004 to 2012, show a sudden decrease from 2012 to 2014, while the total cost shows a significant overall decrease from 2004 to 2014. For Estradiol, both prescriptions issued and total cost show a slight decrease over the examined period, the same as for Erythromycin. For Clarithromycin and Azithromycin, the issued In Northern Ireland, as shown in Figure 11 , the total prescriptions items for Diclofenac showed a slight increase up to 2010 and decreased significantly until 2014, the same as for the total cost. Estradiol's prescription items and cost are relatively stable throughout the examined period, while Erythromycin slightly decreases in both fields. For Clarithromycin, while the total prescriptions have increased since 2004, the cost shows a slight overall decrease, and for Azithromycin there is a small increase in both total prescriptions and cost over the examined period. Overall, we observe that Diclofenac is the substance with the most significant change out of the examined substances, with both prescription items and total cost from 2004 to 2014 decreasing.
Research Interest
In order to further examine the interest in the five examined micropollutants, we ran searches in the Scopus database [73] consisting of each of the substances' number of documents with the respective term for each year from 2004 to 2014 Worldwide (Table 5 ). In addition, we further limited the searches in Scopus to include only published papers from 2004 to 2014 with UK affiliation, as shown in Table 6 .
We observe that the order of the substances in terms of published papers is Estradiol, Erythromycin, Diclofenac, Clarithromycin, and Azithromycin, are at no point similar to the Worldwide Google hits for the terms from 2004 to 2014. This shows that the scientific community and the public view these terms differently. In Northern Ireland, as shown in Figure 11 , the total prescriptions items for Diclofenac showed a slight increase up to 2010 and decreased significantly until 2014, the same as for the total cost. Estradiol's prescription items and cost are relatively stable throughout the examined period, while Erythromycin slightly decreases in both fields. For Clarithromycin, while the total prescriptions have increased since 2004, the cost shows a slight overall decrease, and for Azithromycin there is a small increase in both total prescriptions and cost over the examined period. In Northern Ireland, as shown in Figure 11 , the total prescriptions items for Diclofenac showed a slight increase up to 2010 and decreased significantly until 2014, the same as for the total cost. Estradiol's prescription items and cost are relatively stable throughout the examined period, while Erythromycin slightly decreases in both fields. For Clarithromycin, while the total prescriptions have increased since 2004, the cost shows a slight overall decrease, and for Azithromycin there is a small increase in both total prescriptions and cost over the examined period. Overall, we observe that Diclofenac is the substance with the most significant change out of the examined substances, with both prescription items and total cost from 2004 to 2014 decreasing.
We observe that the order of the substances in terms of published papers is Estradiol, Erythromycin, Diclofenac, Clarithromycin, and Azithromycin, are at no point similar to the Worldwide Google hits for the terms from 2004 to 2014. This shows that the scientific community and the public view these terms differently. Overall, we observe that Diclofenac is the substance with the most significant change out of the examined substances, with both prescription items and total cost from 2004 to 2014 decreasing.
In order to further examine the interest in the five examined micropollutants, we ran searches in the Scopus database [73] consisting of each of the substances' number of documents with the respective term for each year from 2004 to 2014 Worldwide (Table 5 ). In addition, we further limited the searches in Scopus to include only published papers from 2004 to 2014 with UK affiliation, as shown in Table 6 . 2004  147  244  96  97  233  2005  160  253  105  112  229  2006  163  256  93  74  220  2007  157  233  83  97  216  2008  166  263  92  112  217  2009  137  251  108  123  209  2010  121  244  132  104  182  2011  156  220  107  121  160  2012  133  205  116  115  161  2013  134  242  147  125  140  2014  108  188  129  98  117  Total  1582  2599  1208  1178  2084 We observe that the order of the substances in terms of published papers is Estradiol, Erythromycin, Diclofenac, Clarithromycin, and Azithromycin, are at no point similar to the Worldwide Google hits for the terms from 2004 to 2014. This shows that the scientific community and the public view these terms differently.
We observe that the number of published papers in Scopus with a UK affiliation is the highest for Estradiol, followed by Erythromycin, Diclofenac, Azithromycin, and Clarithromycin in that order. Thus we conclude that the scientific interest in the UK follows the Worldwide one. Table 7 consists of the Pearson correlations for the five examined substances between the percentized prescriptions (Pxs) and Google Trends (GT) percentized data in the UK, England, Wales, Scotland, and Northern Ireland, and between the Scopus' percentized number of documents and Google Trends hits in the UK and Worldwide.
Correlations amongst Prescription, Google Hits, and Scientific Papers
As indicated by the results, prescription items and Google hits in the UK are highly correlated for Diclofenac, Azithromycin, and Clarithromycin, while no correlation whatsoever is observed for Estradiol. Correlations with high statistical significance (p < 0.01) are also observed in prescription items and Google hits in England in Diclofenac and Clarithromycin, in prescription items and Google hits in Wales in Clarithromycin, in the Scopus documents and Google hits for all substances Worldwide apart from Estradiol, and in the Scopus documents and Google hits in the UK in Azithromycin. Another interesting observation is that population seems to play a significant role in the regional results. For example, as shown in Table 7 , for Diclofenac, though in the respective regions the correlations between Google hits and prescriptions vary from high to none, in the UK as a total they exhibit a high correlation, the same as for Clarithromycin and Azithromycin, while, for Erythromycin in Wales, there is a weak negative correlation. Notes: * p < 0.10; ** p < 0.05; *** p < 0.01; **** p < 0.001.
Discussion
Since 2004, there have been many studies that examined the micropollutants' occurrence and removal [16] , in addition to their effects on environmental and human health. Out of the EU watchlist, the substances that have been studied the most are Diclofenac, Azithromycin, Clarithromycin, Erythromycin, Estradiol, and Estrone, contrary to the rest of the list, where the substances have not been extensively studied [16] . In the UK, comparing the examined substances, the results indicated that the online interest is mainly focused on Diclofenac, however, that interest has showed a slight decrease from 2004 to 2014. In contrast, the online interest in the Macrolide Antibiotics, specifically Clarithromycin and Azithromycin on a lower level, has showed a significant increase, whereas Erythromycin is the most searched for Macrolide, with its online interest maintained at similar levels throughout the years 2004-2014 compared to other substances. The online interest in Estradiol has remained at low levels throughout these 11 years.
The declining online interest and prescribing of Diclofenac follows the results of a Europe-wide review regarding its cardiovascular complications, which led to the MHRA adding Diclofenac to the prescription-only-medication list in 2015 [72] . The MHRA suggests that Naproxen and low dose Ibuprofen can be used instead, as they have a safer cardiovascular profile [74] . However, Naproxen and Ibuprofen have been shown to accumulate in fish bile, as does Diclofenac [75] . Therefore, despite them having a better side effect profile for human use, they have the potential to cause harm to the aquatic environment.
The changes in the online interest and prescribing patterns of the Macrolide Antibiotics are due to various reasons. Initially Erythromycin was the most widely prescribed Macrolide, however during the course of these 10 years, Clarithromycin has gained ground over Erythromycin. This is justified by changes in the guidelines, which now state that Clarithromycin is the Macrolide of choice, as it has an improved side-effect profile and better patient compliance due to a less frequent dosage regiment [76] . Azithromycin ensures the maximum patient compliance by only requiring a once a day dosing for 3 days [29] and causing fewer interactions with other medications [32] . However, due to having a longer half-life than the rest, it provides a greater opportunity for resistance to develop, which could be an explanation on why it is not the Macrolide of choice in penicillin allergy [76] . Azithromycin is most commonly used for the treatment of sexually transmitted diseases, such as chlamydia and gonorrhea. The increase in Azithromycin prescribing can be linked to the increased rate of chlamydia and gonorrhea diagnosis during the past 10 years [77] . In addition, due to its anti-inflammatory action, it is also used in patients with deteriorating cystic fibrosis as part of an off-label 6-month treatment course [78] . In order to minimize the negative impact of Macrolide use to both humans and the aquatic environment, it is important to control their prescribing and use for farming purposes. The National institute for Health and Care Excellence has implemented certain guidelines in order to ensure the optimum use of antibiotics, also suggesting the minimum antibiotic prescribing in farming [79, 80] .
Estradiol has shown a rather minor online interest, compared to other substances; however, it is one of the most commonly prescribed substances out of those investigated. This is justified, as the Estradiol data work as an umbrella term covering both Estradiol and Ethinylestradiol prescribing data. Estradiol is mostly used in hormone replacement therapies in post-menopausal women as well as in conditions such as female hypogonadism and primary ovarian therapy. Ethinylestradiol is used in contraceptive pills and in emergency hormonal contraception, as well as in hormone replacement therapies and female hypogonadism [26] . The vast usage of these two substances can partially justify the increased research interest in Estradiol. It must be noted, that Estradiol, containing preparations such as contraceptive pills containing 17-α-ethinylestradiol, can be obtained from sexual health clinics without a prescription [81] , and thus would not appear in the data analyzed by this study, which could be explaining why Estradiol is the only substance not to exhibit any correlation with Google hits in any region.
Though Diclofenac prescriptions have decreased over the past years, it is still a widely prescribed item (see Appendix B), that can cause environmental complications despite wastewater treatment. Diclofenac's removal through conventional wastewater treatment varies from 0% to 80% [18] , and, as it is not always absorbed onto organic matter [20] , it is detected in the aquatic environment [18, 19] and in the tap water in EU countries [20] . This also applies to the Macrolide Antibiotics, where concerns are being raised on their effect on environmental and human health due to them not being completely removed through conventional treatment [25] . It has been shown that their detection in wastewater adds to the increased antimicrobial resistance, as well as toxicity due to Clarithromycin and Erythromycin. Estradiol is also not fully degraded, and its presence in surface waters [39] affects sea life [41] . As wastewater treatment is suggested to not completely remove the concentrations of these substances in the aquatic environment [14, [16] [17] [18] 39] , the solution could be to manage the pollution at the source, which is the human, veterinarian, and agricultural intake and use. Steps towards this direction have been implemented, as for example in the case of Diclofenac, which is now a prescription-only drug in the UK [72] .
This study, like any other study, has some limitations. At first, the analysis only takes into account the online interest of these substances in the UK, which could, however, provide ground for future research on the topic in other EU countries. In addition, the substances examined are limited to five, though this methodology can be applied in other substances included in the watchlist when more research has been documented. Furthermore, not each hit corresponds to only prescription issuing, as many of them could be for educational/academic searches or general interest on the subject, all the while not taking into account searches that are related to prescription issuing, e.g., due to incorrect spelling. Despite that, Google Trends' data have been suggested to be accurate for analyzing human behavior, which is further supported by previous studies indicating that Google Trends can indeed be a valid predictor of human behavior. In this study, it is observed that search queries are strongly correlated with three of the five substances' prescription volumes, further supported by the no observed correlation in Estradiol, which, as mentioned above, can be obtained directly through sex clinics. Nevertheless, as is presented by the correlations in Section 3 between the prescriptions issued and the hits in Google in the UK, we argue that the analysis of the online interest in micropollutants can assist with the prediction of the public's intake of these substances, in order to evaluate the steps that need to be taken towards the direction of decreasing these substances' use. In addition, as the amount of antibiotics found in wastewater is proportional to the prescribing trends of each country [34] , the forecasting and monitoring of their concentrations in the aquatic environment is possible.
Conclusions
Given the increased interest in several micropollutants in the EU, and as they have been suggested to be possibly harmful for environmental and human health, their monitoring in the aquatic environment has been implemented with Decision 2015/495. This study analyzed the changes in online search queries, in order to examine how Google Trends' data can be used to evaluate the public's interest in relation to the use of these drugs in the UK. Google Trends, being all the more used for examining the changes in interest in various medical, health, and environment-related terms, is a valid tool for evaluating online interest, as it uses the revealed and not the stated preferences of the users.
Normalized data from Google Trends were used in this study to examine the change in UK's online interest in Diclofenac, Estradiol, Azithromycin, Clarithromycin, and Erythromycin, included in the EU watchlist, from 2004 to 2014, the correlations between the public's interest and the prescriptions issued for these substances over the examined period, and the scientific interest in terms of published papers. Though it could not be argued that each search query corresponds to the respective prescription issuing, with any potential bias this may include, the results by the presented empirical relationships indicate that there indeed exists a strong correlation between prescription items and Google hits in the UK for Diclofenac, Azithromycin, and Clarithromycin, and a weak correlation for Erythromycin, while for Estradiol no correlation in any region is observed. The interest in Diclofenac is high, though declining, Estradiol exhibits lower and declining interest, while high but stable interest in observed for Erythromycin. Azithromycin and Clarithromycin, though searched for less, show a significant increase in online interest over the examined period. Estradiol's online interest is in contrast to the issued prescriptions, though, interestingly, it is the most popular out of the five examined substances in terms of scientific publications.
Further research could include more case studies of EU countries, and to also compare different states in terms of interest and Health Care System's performance. Furthermore, the possibility of exploring the relationship between online search queries from Google and concentrations of these substances in the aquatic environment could be examined, so as to develop an algorithm for forecasting these concentrations, and, subsequently, better monitor the degradation observed in the aquatic environment. 
